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(54) Abstract Title 

Video surveillance system 

(57) A monitoring apparatus comprises, in a first 
embodiment a plurality of cameras 3, 3a, 3b, each of 
which is associated with a predetermined solid angle 
within a predetermined monitored space, at least one 
monitor 4 to which a selected one of the images delivered 
by the cameras is switched, and a scanning device 1 for 
scanning the predetermined monitored space: On the 
appearance of an object 6 in this monitored space, the 
scanning device 1 transmits output signals which 
reproduce a position of the object 6 in the monitored 
space. A camera control 2 automatically receives the 
output signals of the scanning device and switches the 
camera 3 having a solid angle in which the object 6 is 
located, onto the at least one monitor 4. In a second 
embodiment a monitoring apparatus for the monitoring 
of a predetermined monitored space uses a camera 3, of 
which the spatial alignment is adjustable, and a monitor 4, 
onto which the image delivered by the camera is switched. 
The monitoring apparatus also includes a scanning device 
1 for the scanning of the predetermined monitored space. 
On the appearance of an object 6 in this monitored space, 
the scanning device 1 transmits output signals which 
reproduce a position of the object 6 in the monitored 
space. A camera control 2 controls the spatial alignment of 
the camera 3, on the basis of the output signals of the 
scanning device, for the detection of the object 6. 
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MONITORING APPARATUS 

The present invention relates to a monitoring apparatus comprising a plu- 
rality of cameras, each of which is associated with a predetermined solid 
angle within a predetermined monitored space, and at least one monitor to 
which a selected one of the images delivered by the cameras is switched - 
The invention likewise relates to a monitoring apparatus for the monitor- 
ing of a predetermined monitored space using a camera, of which the spa- 
tial alignment is adjustable, and a monitor, onto which the picture deliv- 
ered by the camera is switched. 

In known monitoring apparatus with a plurality of cameras a considerably 
smaller number of monitors are usually available for this plurality. A 
changeover of the monitor from one camera to another camera is therefore 
necessary in order to guarantee a monitoring procedure which is as free of 
gaps as possible timewise. This was hitherto either effected manually, by 
monitoring personnel entrusted with the observation of the monitors, or a 
group of cameras was automatically switched to a monitor associated with 
it in turn. 

Likewise known is monitoring apparatus with only one camera. With such 
monitoring apparatus the problem frequently exists that the solid angle of 
the camera is too small to enable monitoring of the entire monitored 
space. Accordingly, this camera is normally made adjustable with respect 
to its spatial alignment and is pivoted periodically in a suitable manner to 
cover the entire monitored space. 

In such known monitoring apparatus the possibility exists that an object, 
in particular an intruding person, can appear in the monitored space 
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without being visible on a monitor or being seen by the monitoring per- 
sonnel, within a time period in which, with a plurality of cameras, one 
camera is not switched to a monitor, or, when using a single, pivotable 
camera, when the actual spatial alignment within the range of pivoting is 
unsuitable. 

An object of the invention is thus to avoid, as far as possible, an object 
appearing in the predetermined monitored space without being noticed by 
the monitoring personnel. 

This object is satisfied in the monitoring apparatus of the initially named 
kind with a plurality of cameras by a scanning device for scanning the 
predetermined monitored space and, on the appearance of an object in 
this monitored space, for transmitting output signals which reproduce a 
position of the object in the monitored space, and by a camera control for 
the automatic reception of the output signals of the scanning device and, 
starting from these output signals, for switching the image from the cam- 
era having a solid angle of which the object is located onto the at least one 
monitor. 

Thus, in accordance with the invention, the scanning device detects an 
object which appears in the predetermined monitored space, which is for 
example a garden of a house, a section of terrain, or a room within a 
building, and then transmits output signals which reproduce the position 
of the object in the monitored space, or from which this position can at 
least be calculated. The camera control determines, as a result of the out- 
put signals delivered by the scanning device on the position of the object 
in the monitored space, that camera of which the predetermined solid an- 
gle includes this position in the monitored space. Moreover, it automati- 



3 



cally switches this camera, responding to the output signals of the scan- 
ning device, onto at least one monitor. 

In this manner, in contrast to known monitoring apparatus, it is ensured 
that, when an object appears in the monitored space, for example an in- 
truding person, the picture delivered by the camera having a solid angle in 
which the object is located is immediately seen on a monitor. This camera 
can run continually or can first be switched on when the scanning device 
detects an object in the monitored space. In particular it is not necessary 
for the operating personnel to become active in order to observe the object. 

The appearance of an object can be detected by the scanning device, with 
the output signals, for example, only being transmitted for the control of 
the camera when an object is present in the monitored space. In just the 
same way the scanning device can also continually transmit output sig- 
nals to the camera control, which are then checked by the latter for the 
appearance of an object in the monitored space. 

The spatial alignment and image forming characteristics of each camera, 
in particular the focusing, image section and zoom, are preferably adjust- 
able, so that the object detected can be fully shown in the desired picture 
or image size on the monitor. The camera control then controls the camera 
having a solid angle in which the object is located, on the basis of the out- 
put signals of the scanning device, so that its spatial alignment and image 
forming characteristics are optimised with respect to the image. 

Since the position of the object in the monitored space is known as a re- 
sult of the scanning device, and since the space monitoring positions of all 
cameras, and in particular of their optical axes, are self-evidently also 
known in a reference coordinate system, it is possible to determine a posi- 
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tion relative to the object of the optical axis of the camera having a solid 
angle, or field of view, in which the object is located. Thus, on the one 
hand, the spatial alignment of this camera, which is for example pivotally 
mounted on a stand by means of one or two positioning motors with re- 
spect to one or two rotational degrees of freedom, with the angular posi- 
tion of the camera being measured with respect to a starting position us- 
ing angle sensors, can be set in the direction towards the object. On the 
other hand, the image forming characteristics of this camera, in particular 
the position of its focal plane, can be set as a result of the spacing of the 
camera from the object, as determined by means of the scanning device, 
for example by displacement of an image forming optical system of the 
camera along its optical axis. 

This embodiment of the invention offers the advantage that the object can 
be very clearly considered by the monitoring personnel because the pic- 
tures delivered by the camera have a very good quality. In contrast, in the 
known monitoring apparatus, it is necessary either for the cameras to op- 
erate in a self focusing manner, with it, however, not being possible for 
them to treat the distance to the object, i.e. the image distance, as known, 
or the images of the cameras must be manually adjusted so that they are 
sharp. 

A plurality of monitors is preferably provided, with the camera control 
switching, on the appearance of a plurality of objects, those cameras hav- 
ing a solid angle in which at least one of these objects is located onto one 
of these monitors in each case. 

In this manner it is possible for the monitoring personnel to simultane- 
ously perceive a plurality of objects appearing at different solid angles. 
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In a monitoring apparatus of the above named kind with only one camera, 
the above named object is satisfied by a scanning device for the scanning 
of a predetermined monitored space and, on the appearance of an object 
in this monitored space, for the transmission of output signals which re- 
produce a position of the object in the monitored space, and by a camera 
control for the control of the spatial alignment of the camera, for the de- 
tection of the object, starting from the output signals of the scanning de- 
vice. 

In this manner it is ensured, even with a monitoring apparatus with only 
one camera, that an object appearing in the monitored space does not re- 
main unnoticed. 

The camera is preferably adjustable with respect to its image forming 
characteristics and the camera control controls the image forming char- 
acteristics of the camera, in particular the focusing, starting from the out- 
put signals of the scanning device, in order to optimise the image of the 
object. For both the above named types of monitoring apparatus, the 
scanning device is preferably a scanner, which scans the predetermined 
monitored space with periodic sequential scanning procedures using 
pulses of laser light appearing on a periodically moved beam axis, and 
which detects reflected laser light by means of an optical detection device. 

The scanner used in accordance with the invention permits a contact-free 
periodic scanning of the monitored space. The beam axis can, for example, 
be moved by providing a rotating, polygonal mirror wheel. With respect to 
the characteristics of the scanner, in particular its spatial resolution, ref- 
erence is made to the subject of the German patent application 
P 43 40 756.0. 
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When the scanner determines the position of the object in the monitored 
space by determining the distance between the scanner and the object, 
and also by determining the spatial direction from the scanner to the ob- 
ject in relation to a reference coordinate system, then the position of the 
object in the monitored space can be determined particularly easily. In 
this case a spherical coordinate system with the known variables r, 9 and 
<p with its origin at a position of the scanning device offers itself as the ref- 
erence coordinate system, with r being the same as the distance between 
the scanner and the object. 

The distance between the scanner and the object can preferably be deter- 
mined by a transit time measurement of the light pulse. 

In contrast, the spatial direction from the scanner to the object is prefera- 
bly determined by angle sensors, which measure the angle of the beam 
axis in relation to the reference coordinate system. 

For the detection of an appearance of an object, the camera control and/or 
the scanner preferably includes a storage device in which at least two 
scanning angle-distance data sets for scanning procedures can be stored 
and a comparison device which compares the data sets in the storage de- 
vice with one another. On detecting a difference among these data sets 
with respect to the measured distance for any particular scanning angle, 
the appearance of an object is determined. Output signals, which repro- 
duce the position of the object in the monitored space in the reference co- 
ordinate system, are then used for the control of the camera and/or of the 
monitor. 
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The storage and the comparison of the data sets is, for example, effected 
by a microprocessor. 

The storage device can in particular contain a scanning angle /spacing 
data set for a reference scan of the monitored space without an appearing 
object/The comparison device then compares the data set for each new 
scan with the data set for the reference scan. This is particularly advanta- 
geous when objects exist which are continually present in the monitored 
space and which reflect the laser beam, i.e. when the appearance of an 
object is not simply concluded from the fact that reflected light is detected 
at all. 

Moreover, it is also possible for the beam axis to be varied only within one 
horizontal plane with respect to its setting. For example, it can be suffi- 
cient when monitoring a section of terrain, or also a room, to use the laser 
beams only at a suitable distance and parallel to the floor. In this case, 
when using a spherical coordinate system, no change of the angle 9 oc- 
curs, so that only the stored values for the angle <p and the range remain 
(line scanner). 

The cameras are preferably video cameras. 

The invention will be described in more detail in the following with respect 
to the drawings, which schematically illustrate preferred embodiments of 
the invention. There are shown: 

Fig. 1 a monitoring apparatus in accordance with the invention with one 
camera, and 
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Fig. 2 a monitoring apparatus in accordance with the invention with a 
plurality of cameras. 

The monitoring apparatus shown in Fig. 1 includes a scanner 1 and a 
camera control 2. Furthermore, the monitoring apparatus has a camera 3 
and a monitor 4. 

The scanner 1 includes a laser which, at regular intervals, transmits a 
pulsed laser beam within a horizontal plane (in Fig. 1 the plane of the 
drawing) which lies in a monitored space, with a beam axis 5 of the laser 
beam being continually varied so that the horizontal plane is reliably cov- 
ered. The position of the beam axis 5 in the monitored space is determined 
by an angle sensor provided in the scanner 1 . 

The positions in the monitored space of the scanner 1, of the camera 3, 
and also of their optical axes are known. In particular the positions in the 
monitored space are determined by coordinates * and r of a spherical co- 
ordinate system, with its origin at the position of the scanner 1 in the 
monitored space. The position of the optical axis of the camera 3 is deter- 
mined by a further angle relative to the starting position of this optical 



axis. 



When the laser beam strikes an object 6, the laser light is scattered at the 
object 6. A part of the laser light is reflected back to the scanner 1 and, for 
example, detected with the aid of a photoreceiver. The transit time of the 
reflected laser light, and thus the distance d of the object 6 from the scan- 
ner 1, is determined by the difference between the point in time of the de- 
tection of this laser light and the point in time at which the laser light left 
the scanner 1. 
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The camera control 2 has a storage device, in which a reference data set 
comprising scanning angle /range values for each position of the beam 
axis 5 are stored. If a scanning angle /range value which differs from the 
reference data set is measured for a specific position of the beam axis 5, 
then the appearance of the object 6 is determined and the actual coordi- 
nate values for the scanning angle of the beam axis 5 and the distance d 
of the object 6 from the scanner 1 are conveyed to the camera control 2. 

On the appearance of the object 6 the scanner 1 conveys the scanning an- 
gle/range value found for the object 6 to the camera control 2, which then 
correspondingly aligns, and in particular pivots, the camera 3 to embrace 
the object 6. Furthermore, the camera control 2 controls, as a result of the 
distance which can be found between the camera 3 and the object 6, the 
image forming characteristics of the camera, such as the image section (or 
picture detail) and zoom for the ideal representation of the object 6 on the 
monitor 4. 

Fig. 2 shows a monitoring apparatus in accordance with the invention 
with a plurality of cameras. In Fig. 2, the parts already shown in Fig. 1 are 
designated with the same reference numerals. 

The monitoring apparatus includes a plurality of cameras and monitors, of 
which, for the sake of simplification, three pivotable cameras 3, 3a, 3b and 
the monitor 4 are shown in the example illustrated in Fig. 2. The manners 
of operation of the scanner 1 and of the camera 3, 3a and 3b are the same 
as described previously. 
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The camera control 2, which is connected to all the cameras, determines, 
as a result of the coordinate values delivered by the scanner 1, the camera 
having a solid angle of field of view in which these coordinate values lie, in 
the example of Fig. 2 the camera 3. The image delivered by the camera 3 is 
then switched to the monitor 4, which is located at a monitoring post. 

Moreover, the camera control 2 uses the transmitted coordinate values to 
determine a range between the object 6 and the camera 3. In this manner 
the position of the ideal focal plane for the camera 3 for the portrayal of 
the object is found and the sharp adjustment of its image is made possi- 
ble. 

Furthermore, the cameral control 2 likewise causes a pivotal movement of 
the optical axis of the camera 3, in order to align this camera 3 onto the 
object 6. 
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PATENT CLAIMS 

1. Monitoring apparatus comprising a plurality of cameras (3, 3a, 3b), 
each of which is associated with a predetermined solid angle within 
a predetermined monitored space, and at least one monitor (4) to 
which a selected one of the images delivered by the cameras is 
switched, characterized by a scanning device (1) for scanning the 
predetermined monitored space and, on the appearance of an object 
(6) in this monitored space, for transmitting output signals which 
reproduce a position of the object (6) in the monitoring space, and 
by a camera control (2) for the automatic reception of the output 
signals of the scanning device and, starting from these output sig- 
nals, for switching the image from the camera (3) having a solid an- 
gle in which the object (6) is located onto the at least one monitor 
(4). 

2. Monitoring apparatus in accordance with claim 1, characterized in 
that the spatial alignment and image forming characteristics of each 
camera (3, 3a, 3b) are adjustable and in that the camera control (2) 
controls, on the basis of the output signals of the scanning device, 
the spatial alignment and /or the image forming characteristics, in 
particular the focusing, image section or zoom of the respective 
camera (3) having a the solid angle in which the object (6) is located 
for the optimisation of the image of the object (6); 

3. Monitoring apparatus in accordance with one of the claims 1 or 2, 
characterized in that a plurality of monitors are provided and the 
camera control (2) switches, on the appearance of further objects, 
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each of those cameras in the solid angle of which at least one of 
these objects is located onto one of these monitors in each case. 

Monitoring apparatus for the monitoring of a predetermined moni- 
tored space using a camera (3), of which the spatial alignment is 
adjustable, and a monitor (4), onto which the image delivered by the 
camera is switched, characterised by a scanning device (1) for the 
scanning of the predetermined monitored space and, on the appear- 
ance of an object (6) in this monitored space, for the transmission of 
output signals which reproduce a position of the object (6) in the 
monitored space, and by a camera control (2) for the control of the 
spatial alignment of the camera (3), starting from the output signals 
of the scanning device, for the detection of the object (6). 

Monitoring apparatus in accordance with claim 4, characterized in 
that the camera (3) is adjustable with respect to its image forming 
characteristics, and in that the camera control (2) controls the im- 
age forming characteristics of the camera, in particular the focusing 
of the camera (3), starting from the output signals of the scanning 
device, for the optimisation of the image of the object (6). 

Monitoring apparatus in accordance with one of the claims 1 to 5, 
characterized in that the scanning device is a scanner (1), in par- 
ticular a line scanner, a V-scanner or a surface scanner, which 
scans the predetermined monitored space with a pulsed laser using 
periodically sequential scanning procedures and which evaluates 
the reflected laser light by means of an optical detector device. 

Monitoring apparatus in accordance with claim 6, characterized in 
that the scanner (1) determines the spatial position of the object (6) 
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in the monitored space by determination of the distance (d) between 
the scanner (1) and the object (6) and also by determination of the 
scanning angle (<p) of the object (6). 

8. Monitoring apparatus in accordance with claim 7, characterized in 
that the distance (d) between the scanner (1) and the object (6) is 
determined by a transit time measurement of the laser light pulse, 
and in that the scanning angle (<p) is determined by an angle sensor. 

9. Monitoring apparatus in accordance with one of the claims 1 to 8, 
characterized in that there are provided a storage device, in which at 
least two sets of data for scanning procedures can be stored, and a 
comparison device which compares the data sets in the storage de- 
vice with one another and, on finding a deviation between these data 
sets, detects the appearance of an object (6) and transmits output 
signals to the camera control (2) which reproduce the position of the 
object (6) in the monitored space. 

10. Monitoring apparatus in accordance with claim 9, characterized in 
that the storage device contains a data set for a reference scan of 
the monitored space without an appearing object (6), and in that the 
comparison device compares the data set for each new scan with the 
data set of the reference scan. 

11. Monitoring apparatus in accordance with one of the claims 1 to 10, 
characterized in that the camera(s) is (are) switched on on the ap- 
pearance of the object(s). 

12. Monitoring apparatus substantially as herein described and as il- 
lustrated in Fig. 1 . 
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Monitoring apparatus substantially as herein described and 
lustrated in Fig. 2. 
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